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, can be The present study was undertaken to assess the temporal detected in peripheral circulation during early pregnancy in association between the profiles of serum concentrations the human using a heterologous radioimmunoassay and with of oestradiol-17β, progesterone, chorionic gonadotrophin homologous radioimmunoassay for human relaxin analogue (CG) and relaxin in pregnancies established naturally, and (O'Byrne et al., 1978; Eddie et al., 1986; Bell et al., 1987) .
after embryo transfer, as well as in failed pregnancies in
Relaxin has also been detected in pregnant baboons (Castracane rhesus monkeys. In naturally mated cycles (group 1) a et al., 1985) , as well as in non-conception and conception conception rate of 75% was obtained. In group 1, the mean cycles of rhesus monkeys (Stewart et al., 1993b) . Relaxin day of CG detection in serum was 11.5 ⍨ 1.9 day postsecretion can be induced by infusion of human chorionic ovulation, and for relaxin, 9.0 ⍨ 2.5 day post-ovulation.
gonadotrophin (HCG) during the luteal phase of non-pregnant In group 2, embryo transfer to synchronous, non-mated cycles in women (Quagliarello et al., 1980) and rhesus monkeys surrogate recipients was performed; seven embryo transfer (Ottobre et al., 1984; Duffey et al., 1995) . It has been suggested cycles yielded three pregnancies which were allowed to that during early pregnancy the plasma relaxin concentrations continue to term and normal infants were delivered. In are regulated by HCG (Johnson et al., 1994) . However, contrary embryo transfer cycles the mean day of CG detection was reports are also available (Seki et al., 1985; Stewart et al., 14 .8 ⍨ 1.8 day post-ovulation, and for relaxin, 11.4 ⍨ 2.6 1993a) in which unassociated HCG and relaxin concentrations day post-ovulation. A delay of about 3 days was observed suggest that elevation in plasma relaxin concentration during in the appearance in circulation of CG (P < 0.05) and also early pregnancy may not be entirely a function of circulating of relaxin (P < 0.05) between natural mated and embryo HCG concentrations. The circulatory concentration of relaxin transfer conception cycles. Significant differences (P < 0.05 has been considered as one of the predictors of pregnancy loss for progesterone and P < 0.03 for oestradiol) were obtained in women (Witt et al., 1990) . However, Stewart et al. (1993a) for the areas under the curves for progesterone and observed that it was not a good predictor of early pregnancy.
oestradiol between days 12 and 16 in conception cycles
In the present study the serum concentrations of oestradiolcompared with failed pregnancies. These data provide the 17β, progesterone, CG and relaxin were estimated in pregnanfirst observation of the normal hormonal signals associated cies established naturally, and after embryo transfer and in with maternal recognition of transferred embryos during failed pregnancies in rhesus monkeys, and were temporally the peri-implantation period, and suggest that the use of compared in an attempt to test the temporal association between such an experimental primate embryo transfer model may the profiles of these hormones and its bearing on pregnancy help to elucidate components of maternal and embryonic establishment.
Introduction
and embryo transfer between naturally synchronized cycles, procedBlastocyst implantation is a critical step in the establishment ures for serum collection and estimation of serum oestradiol-17β and of pregnancy. A favourable endocrine milieu is required for progesterone by radioimmunoassay have been given elsewhere (Ghosh initiating the cellular and biochemical processes necessary for and Sengupta, 1988 and Sengupta, , 1989 and Sengupta, , 1991 and Sengupta, , 1993 Ghosh et al., 1994 Oestradiol and progesterone radioimmunoassays were performed In this experiment, eight female monkeys were individually placed using the method described earlier (Ghosh and Sengupta, 1989 ) using for mating with male monkeys during cycle days 7-16. The degree reagents from the World Health Organization (WHO) Matched of insemination was assessed semi-quantitatively from microscopic Reagents Programme. examination of vaginal swabs taken each morning during the mating Serum profiles of monkey CG were performed by enzyme-linked period. Peripheral blood samples were collected every alternate day immunosorbent assay (ELISA) in the two different laboratories and the sera collected and stored at -20°C until the assays were according to the method described earlier (Munro et al., 1996) . performed.
Briefly, the ELISA utilized a well-characterized monoclonal antibody to bovine β-luteinizing hormone (LH) (518-B7) for capture and a Embryo transfer cycles (group 2) purified polyclonal antibody generated in rabbits against HCG for the signal. The polyclonal antibody was conjugated to horseradish In this experiment 10 pairs of female monkeys exhibiting mutual peroxidase. The substrate [2,2Ј-azino-bis(3-ethylbenathiazoline-6-synchronization in their menstrual cycles in terms of cycle lengths sulphonic acid) diammonium salt, ABTS, or 3,3Ј,5,5Ј-tetramethyl and days of ovulation for at least two successive menstrual cycles benzidine dihydrochloride, TMB] was added and colour was allowed were used. One female from each pair was randomly allocated as to develop. A stop solution, 0.15 M hydrofluoric acid (for ABTS) or 'embryo recipient' and was not allowed to cohabit with a male; the 2.0 M sulphuric acid (for TMB) was added and the absorbance read second female of the pair was designated as 'embryo donor' and at 405 nm or 450 nm, respectively. mated with a male during cycle days 7-16. The degree of insemination Serum relaxin was measured at the University of California, Davis, was semi-quantitatively assessed. The days of ovulation in 'embryo by using a homologous enzyme immunoassay for rhesus relaxin as donor' and in 'embryo recipient' were determined from the peripheral previously reported (Stewart et al., 1993b) . Briefly, a double antibody serum concentrations of oestradiol and progesterone, as described enzyme immunoassay was used with rabbit anti-rhesus relaxin Bearlier (Ghosh and Sengupta, 1993; Ghosh et al., 1994) . The day of chain coated on microtitre plates. Recombinant rhesus relaxin was ovulation was defined as the day following the pre-ovulatory serum used for standards and prepared in human serum devoid of relaxin oestradiol peak (Parkin and Hendrickx, 1975) . On post-ovulation activity. Standards and samples were added and incubated overnight. days 4-6, mated embryo donor monkeys were laparotomized under Each well contained 25 ml normal rabbit serum diluted 1:1 with assay ketamine anaesthesia (12 mg/kg body weight; Parke Davis & Co., buffer to suppress non-specific binding. Following a wash, rabbit Gwent, UK) and the entire reproductive tract flushed with pre-warm, anti-rhesus relaxin A-chain conjugated to horseradish peroxidase was Dulbecco's modified Eagle's medium (DMEM, pH 7.5, Gibco, Grand added in 10% normal rabbit serum. Plates were washed and developed Island, NY, USA) containing 58 mg/100 ml (w/v) glutamine, 11 mg/ with TMB. Internal controls consisted of human serum spiked with 100 ml (w/v) sodium pyruvate, 100 mg/100 ml (w/v) glucose and three concentrations of rhesus relaxin. The antibodies and standard neomycin (50 µg/ml) to retrieve preimplantation embryos. The embryo used for assay development were obtained from Genentech, Inc. was quickly checked under stereozoom microscope to assess its (South San Francisco, CA, USA). developmental synchronicity to gestational age (Sengupta et al., 1989) and was kept in a sterile, humid chamber at 37°C as the corresponding Data analysis recipient monkey was prepared for laparotomy and embryo transfer. The recipient monkey was similarly laparotomized and the embryo The log transformed values for hormones were used for analysis. The was transferred in 5 µl medium through the oviduct. The methodologimean area under curves (AUC) for serum oestradiol and progesterone cal details were as described earlier (Ghosh and Sengupta, 1991;  concentrations in natural pregnancy cycles and embryo transfer cycles, Ghosh et al., 1994) . Only embryos which were in late morula and and in failed pregnancies following embryo transfer were analysed blastocyst stages were transferred as they showed developmental during two time spans: days 8-12 and days 12-16 post-ovulation. synchronicity. An 8-cell stage embryo and a degenerating embryo These two timings were chosen on the basis of trophoblastic penetrarecovered from two donor monkeys were therefore not transferred tion being initiated in the rhesus monkey by day 8 post-ovulation; due to developmental asynchronicity; in one monkey no embryo by day 12, trophoblast cells begin to tap the maternal vessels with could be recovered, thus only seven embryo transfers could be the appearance of monkey CG in peripheral circulation, and by day performed in group 2. Peripheral blood samples were collected on 16 placental villus formation has been observed with completion of every alternate day and stored at -20°C until assayed.
the implantation process (Enders and Hendrickx, 1980) . The mean AUC for oestradiol and progesterone during days 8 and 16 after Pregnancy detection ovulation for individual monkeys were determined using the trapezThe establishment of pregnancy was assessed in groups 1 and 2 by: oidal rule (Gladtke and von Hattingberg, 1979) and modified t-tests (i) monitoring of menstrual cycles to detect whether there was (Steel and Torrie, 1980) and Kruskal-Wallis (Siegel and Castellan, resumption of cyclicity or cycle extension, (ii) presence of pregnancy 1988) tests were used to analyse the data. Data are shown as associated vaginal bleeding, (iii) uterine palpation per rectum to means Ϯ SD. detect the presence of fetus on cycle day 50, (iv) estimation of serum concentrations of oestradiol, progesterone, monkey CG and relaxin, (v) delivery of infants in animals allowed to continue with their Results pregnancies until term. Additionally, in four monkeys belonging to Natural pregnancy cycle group 1, pregnancies were terminated during days 12-16 of gestation
The conception rate of monkeys in our colonies at the All by performing hysterectomy under ketamine anaesthesia. The uterus was quickly slit open to reveal the implantation area seen as a raised India Institute of Medical Sciences, New Delhi, is~70% in the first exposure to male monkey. In this group, two out of eight monkeys did not conceive after the first exposure and resumed normal menstrual cycles. These two monkeys were excluded from the study. Six of the eight animals (P1-P6, 75%) conceived after the first exposure and two of these (P1 and P2) were allowed to continue their pregnancies to term and delivered live young on gestation days 182 and 179. The pregnancies in the remaining four animals (P3-P6) were terminated between days 12 and 16 post-ovulation.
Analysis of serum samples revealed normal concentrations of oestradiol and progesterone during days 8-16 post-ovulation. Serum monkey CG was first detected between days 10 and 14 post-ovulation, and the mean day of CG detection was found to be 11.5 Ϯ 1.9 day post-ovulation. Serum relaxin was first detected between days 6 and 12 post-ovulation with 9.0 Ϯ 2.5 as the mean day of relaxin detection. In two monkeys (P5 and P6), relaxin was detected during days 8-16 post-ovulation at a time when monkey CG remained undetectable in the peripheral circulation. Figures 1 and 2 show the hormone profiles in individual monkeys belonging to group 1.
Transfer cycle
The results of this group (group 2) are shown in Table I . Seven embryo transfer cycles yielded three pregnancies which were allowed to continue until term and normal infants were delivered. The hormone profiles for oestradiol, progesterone, relaxin and monkey CG for monkey T1 as representative for this subgroup with proven conception after embryo transfer is shown in Figure 3 .
One animal (T3) exhibited heavy bleeding on days 25-28 post-ovulation associated with marked fall in serum oestradiol and progesterone concentrations. The hormone profiles (Figure 4 ) of this monkey revealed maintained serum relaxin concentrations from day 12 post-ovulation; however, the concentrations of circulating monkey CG showed marked fluctuations during days 14-32 post-ovulation.
Another animal (T5) showed pregnancy failure with no detectable CG and a low concentration of relaxin only on day 8 post-ovulation, despite an extension of menstrual cycle. progesterone showed low profiles.
As shown in Figure 5A , an animal (T6) exhibited a rise in serum relaxin concentration on day 16 post-ovulation, but CG remained non-detectable along with decreasing concentrations of oestradiol and progesterone. Similarly, in T7, there was a post-ovulation with 11.4 Ϯ 2.6 as the mean day of detection. Thus, a delay of~3 days (P Ͻ 0.05) was observed in the transient detection of CG only on day 14 post-ovulation, and though relaxin was detected from day 14, its concentration appearance of relaxin in peripheral circulation in monkeys after embryo transfer in group 2 as compared to normal remained low from day 20 to day 26 post-ovulation, with low concentrations of oestradiol and progesterone ( Figure 5B) . conception cycles in group 1. Between days 8 and 12 post-ovulation there was no significIn embryo transfer cycles, serum CG was first detected between days 14 and 18 post-ovulation with the mean day of ant difference in the mean AUC for serum oestradiol as well as progesterone in pregnancy cycles of group 1 and group 2 detection being 14.8 Ϯ 1.8. Analysis of the earliest day of detection for circulating CG in pregnancy cycles from groups as compared to the mean AUC for serum oestradiol and progesterone for failed pregnancies after embryo transfer. 1 and 2 showed that there was significant (P Ͻ 0.05) delay in the appearance of CG in peripheral circulation after embryo However, significant increases (P Ͻ 0.05 for progesterone and P Ͻ 0.03 for oestradiol) were obtained for the mean AUC for transfer: an average delay of~3 days was observed. On the other hand, relaxin was first detected between days 8 and 14 serum progesterone and oestradiol between days 12 and 16 in 
Discussion
This report provides a comparison of circulating hormone vitro fertilization (IVF) programmes (Steptoe and Edwards, 1978; Edwards et al., 1980) has been recently analysed to concentrations in the laboratory macaque during the immediate pre-and post-implantation period in normal pregnancies and show that unstimulated IVF cycles are a clinically viable alternative to stimulated cycles (Paulson et al., 1994) . The in pregnancies following embryo transfer. This study employed only spontaneous ovulations and obviated concerns relating hormone profiles of the control and transferred conceptions are, therefore, more comparable to each other in terms of the to the effects of exogenous hormone treatments which are commonly used to induce or synchronize ovulation to optimize function of the corpus luteum and its response to trophoblastic signals. In this regard, these data provide the first observation conceptions and to synchronize recipients (Paulson et al., 1990) . The simplicity of the natural ovulatory cycles in inof the normal hormonal signals associated with maternal Kumar et al., 1980) and the success rate of the embryo transfers that survived (3/7) approaches the conception rate often obtained by natural matings and is comparable to an earlier study in which autotransfer of preimplantation stage embryos was performed (Marston et al., 1977) . Furthermore, these data suggest that additional implantations might have occurred following embryo transfer but did not survive. Overall this study supports the earlier observation that embryos can be collected and transferred in the macaque with a relatively high degree of success using spontaneous ovulation and natural mating (Ghosh and Sengupta, 1991; Ghosh et al., 1994) . Circulating oestradiol, progesterone and relaxin are normally detectable in luteal phases of non-conception cycles in the macaque. Here, we have demonstrated that there occurs either pronounced increases in oestradiol and relaxin, or a delayed decline in progesterone in the presence of CG production from a surviving conceptus. Since these quantitative changes in response to CG are difficult to measure in the first few days circulating CG no earlier than day 11 and as late as day 15 post-ovulation (Munro et al., 1996) , some embryos may have implanted and failed without being detected by any hormone assay. Indeed, there is evidence from the present study that recognition of transferred embryos during the peri-implantasome embryos might have been implanted and produced tion period.
enough CG (animal T3), or produced CG for only a single Trophoblastic CG as well as ovarian (oestradiol, progesterday of detection (animal T7) without giving rise to evolving one and relaxin) hormone profiles in the control animals in pregnancies. It is also possible that the CG production by this study were similar to the profiles that have been reported embryos that failed very early was of sufficient quantity to earlier (Stewart et al., 1993b; Munro et al., 1996) . The fertility prolong the life of the corpus luteum (animal T6) without of the animals used in this study was similar to that of healthy reaching concentrations that were high enough to be detected macaques in efficient breeding colonies (Vandenbergh and by the assay for even a single day. The length of the luteal phase and ovarian hormone profiles of animals T3, T6 and T7 Vessey, 1968; Catchpole and van Wagenen, 1975 ; Anand Figure 5 . Peripheral concentrations of oestradiol-17β, progesterone and relaxin in animals T6 (A) and T7 (B) which received blastocysts in transfer cycles on day 5 after ovulation, but failed to support implantation along with either no detectable (A) or very transiently detectable (B) CG. Thus, variable amounts of relaxin could be detected in non-conception luteal phase. relaxin in pregnancy with an analogue of human relaxin. Lancet, 1, support both of these possibilities and suggest that as many 1344-1346. as six of the seven embryos actually implanted, with half of Edwards, R.G., Steptoe, P.C. and Purdy, J.M. (1980) 
